As part of the continuing effort to identify approaches to improve the safety and reliability of the Space Shuttle system, a Five-Segment Booster (FSB) design was conceptualized as a replacement for the current Space Shuttle boosters. The FSB offers a simple, unique approach to improve astronaut safety and increase performance margin.
for the current Space Shuttle boosters. The FSB offers a simple, unique approach to improve astronaut safety and increase performance margin.
To determine the feasibility of the FSB, a Essentially what has been done is add a center segment. As a result of the incorporation of an additional center segment, a new nozzle had to be designed to accommodate the increased mass flow rate associated with the added propellant. To maintain the existing interface with the ET, the forward attach provisions had to be changed from the current forward skirt to the external surface on the booster forward segment. Since the forward skirt no longer needs to take up the forward thrust loads, a new forward skirt was designed that was a much simpler configuration. As a result of adding a center segment, the inert weight of the boosters increased. Therefore, to ensure the same attrition 2 . The change to the 13-fin grain geometry is shown in Figure 3 .
The simplified forward skirt design, which consists of stringers with a skin welded over the top, is also shown in • increase nozzle length (8 in.)
• Increase nozzle exit dla (3 in.)
• Insulation modification Because of the increased throat diameter and mass flow rate, the thrust level increased about 500,000
lbf. The burn time increased from 123.5 seconds to 129.6 seconds for the FSB. One of the key system parameters that drove the grain design for the FSB was the ability for the nozzle to clear the hold-down posts on the mobile launch platform (MLP). In order to ensure that we maintain adequate clearance, we had to ensure that the thrust/weight ratio at liftoff was at least as high as the current RSRM's. Note in Figure 4 that the FSB has a slightly higher thrust-to-weight ratio than the current RSRM. The system level analysis showed that with that thrust performance at liftoff the FSB is able to maintain adequate clearance of the MLP posts and the only area of concern is an interference with the gaseous nitrogen purge which will necessitate a modification to that piece of hardware on the MLP.
In comparing the thrust-time history of the FSB to the current RSRM booster's, note that there is a significant increase in added capability with the FSB. That added capability could be used for a number of system performance improvements. The key one of interest for this study is how that performance can be used to enhance the overall abort capability of the Shuttle system. In its current configuration, the FSB would allow a TAL abort to be initiated off the pad with a SSME Out year manifest plan will need to be adjusted to create facility "down time" to allowfacility modifications to occur
Further evaluationis required
With the new nozzle's larger throat and larger exit cone, the overall spring rate and torque associated with the nozzle design, aggravates the overall capability of the thrust vector actuation (TVA) system. However, the flex torque of the FSB nozzle is less than that of the current RSRM nozzle due to replacing the flex boot with a beating protector. An analysis was conducted that indicated the current TVA system has sufficient capability to meet the system performance requirements, with the new nozzle, under nominal flight conditions where both hydraulic power units are operating on each SRB.
With the increased capability of the FSB, the trajectory after booster separation results in a higher apogee than the current boosters. This results in increased vibroacoustic and aero-heating environments, which must be accommodated during the re-entry portion of the booster recovery.
The Phase A analysis indicated that these increased or more severe environments can be accommodated by increasing the thermal protection system (TPS) and adding shock attenuation mounts for some of the electronic components that would be subjected to the more severe vibroacoustic environment. By adding a segment to the booster, the prelaunch twang loads increase because of the added mass and length. These loads can be accommodated in the booster by using standard weight stiffeners in the aft segment. The aft skirt was also evaluated for these increased loads and was found to be acceptable with a minor decrease in margin of safety over the current configuration, but still within the system specification requirements. Since the booster is 30 feet longer than the current RSRM, an access platform will need to be added to allow access to the forward skirt, which is now 30 feet higher than the current booster's.
With the 30-foot increase in booster length, there will be an interference with the gaseous oxygen (GOX) vent arm. This will necessitate a structural modification to the GOX vent arm. This is strictly a structural modification and not any design feasibility-related issue.
The retrieval of the boosters after recovery will require a deeper dive to install the diver-operated plug into the nozzle. The motor is sufficiently longer and will now require a minisub or special diver operations because of the increased depth.
The larger throat in the nozzle will also necessitate a new diver-operated plug. All of the facilities at the retrieval hangar are adequate with minor modifications. Additional ground support equipment may be required to handle the added segment as well as increasing the thickness of the pads at the slip in order to accommodate the higher loads associated with the increased weight of the FSB.
With the FSB, there will be additional propellant in the VAB during stacking and assembly operations. This added propellant increases the quantity distance (Q/D) envelopes. These increased Q/D envelopes now encompass inhabited facilities that would violate general safety requirements and would require a waiver, similar to those already in effect for the current Shuttle system, to stack two full flight sets of FSBs in the VAB. This is a concern within the safety community and needs additional evaluation. There are multiple options available to mitigate this concern, but these options need further review.
The last activity in the Phase A feasibility study was to determine the scope, cost and schedule for a development program to fully qualify a FSB. 
